The main aim of analysis presented in this paper is based on the complex evaluation of Building Information Modelling (BIM) application and decision support in reconstruction projects. The reconstruction projects face the high level uncertainty during implementation mostly due inappropriate information management, insufficient quality control and low competence of participants. The application of advanced Computer-Aided tools such as BIM uses both with advanced Information and Communication Technologies (ICT) can be the way to solve the problems of reconstruction projects. The fourteen reconstruction projects have been analysed and the list of thirteen main problems has been identified. The pair wise judgment of problems has been made based on in the expert survey using the Analytic Hierarchy Process (AHP) method. The occurrence, influence to project and significance of the problems have been calculated and were prioritised according to the importance and consequences. After the complex analysis of problems, it is suggested to use combined list of solutions of the BIM tool application in reconstruction projects to support decision making process.
Introduction
The implementation of construction projects faces a lot of uncertainties, unforeseen situations, which leads to various ambiguities and can crucially influence the success of the project. There is no significant difference in the sources of problems during implementation of ordinary construction project (Eadie et al. 2013) or implementation of reconstruction projects (Pavlovskis et al. 2016) . Reconstruction projects face the same problems as ordinary construction projects and the biggest problems are information and energy efficiency (Barbosa et al. 2016; Migilinskas et al. 2016) . The challenges in reconstruction projects are mostly connected with the high-level uncertainty or lack of initial project information, inappropriate information management during implementation, insufficient work quality control on site and low competence of project team members and other participants (Sun et al. 2015) .
The reconstruction projects need to be evaluated from perspective of whole duration of the project. The actions, processes and problems which would influence the effectiveness of design, manufacturing, building and maintenance need to be analysed through the whole lifecycle of the project (Lu et al. 2016) . It is suggestable firstly to identify the most significant technical, organizational and managerial problems of reconstruction projects, then to analyse tools and actions that could help to prevent the problems and to increase the effectiveness of the projects (Di Giuda et al. 2015) . Due to fast development of advanced Computer-Aided technologies in construction industry, project participants clearly understand the benefits from their experience and best practices (Migilinskas, Ustinovichius 2006; Sun et al. 2015; Lam et al. 2017) . The application of various tools from the list of advanced Information and Communication Technologies (ICT) such as modern photogrammetry, laser scan, real 3D modelling and other BIM uses (Mill et al. 2013; Pepe et al. 2016) can be treated as solution to eliminate the problems in most of reconstruction projects (Popov et al. 2010; Ustinovichius et al. 2017) .
Building Information Modelling (BIM) as advanced Computer-Aided technology has been increasingly applied in new construction projects, but it is still rarely used in building refurbishment and reconstruction projects (Volk et al. 2014; Zhao 2017) . The implementation of reconstruction project suffers from a set of specific problems related with technical, organizational, information and project management problems Barbosa et al. 2016) . The project participants need to solve this kind of multiple problems and need to make the most effective decision (Kutut et al. 2014; Zavadskas et al. 2016) . Therefore, BIM is suggested to be applied to support the decision-making process.
The aim of this research is firstly to identify the most significant technical, organizational and managerial problems in reconstruction projects, then to analyse consequences and suggest tools and actions that could help to prevent the problems and to increase the effectiveness of the projects, and finally suggest application of BIM in reconstruction projects.
Literature review
Various scientists have noticed, what one of the main requirements to initiate design and construction of any type of reconstruction project is the earliest start of sharing information with projects promoters, designers, contractors, engineers and other project participants (Volk et al. 2014; Di Giuda et al. 2015; Xian, Chen 2015) . It is the biggest source of the problems and it is necessary to have disciplined audited data exchange process which should be transparent and controlled because it is necessary for effective procurement procedures of the project. The Most common mistakes during these procedures as incorrectly estimated contract value, overestimation of materials and workforce, underestimating the sustainable development indicators, resulting in unsuitable purchase option (Pavlovskis et al. 2016 ). This occurs due to the lack of reliable information and leads to the uncertainty, when the project design and bill of quantities are wrong or inaccurate, which requires extra effort for checking reliability. Often inaccuracies in the design documentation occur due to the careless work of designers and sometimes even rounded numbers or irregularities compose and distort the project (Popov et al. 2010; Lin et al. 2016a) .
Moreover, competitions are often organized by inexperienced persons, who find it difficult to evaluate all financial, technological, environmental and sustainable development indicators, resulting in assessing proposals based on the lowest price. The cheapest option may not always be the most economical choice due to the importance of the production technical quality and the lifetime of the construction (Pavlovskis et al. 2016) . To guarantee themselves a sufficient amount of work and to remain competitive, contractors often reduce the competitive price, hoping to reduce their costs and this often leads to reduced quality of work. When customers choose the contractor based on the lowest price principle, they risk encountering major problems and losses during long maintenance of the buildings (Lin et al. 2016b) .
To avoid inaccuracies, it is suggestable to use BIM technologies for construction, reconstruction and even heritage projects estimated calculations during the preprocurement phase (Di Giuda et al. 2015; Zhao 2017) . BIM software prevents from wasting time for preliminary estimate of the project -the program carries out the calculations and can generates reports automatically. The construction costs are quickly calculated, whereas their relationship to estimate calculation program allows to increase the accuracy of the list of purchases and to prevent unfair competitions (Popov et al. 2010 ).
The BIM model of building called 4D model is a designed building BIM model plus construction time with information about the necessary resources for the construction. Constructional building BIM model is used for the construction process planning and management of works in the timeline, using the information posted in the project BIM model database (Migilinskas, Ustinovichius 2006; Brito, Ferreira 2015) . Optimized procedures with BIM model can help to avoid downtime, wasteful use of materials, delayed transport and result reduced environmental impact (Xian, Chen 2015) . Combining the time planned three-dimensional model with the economic indicators, cash flows can be estimated at all stages and parts of construction. BIM price model -the so-called 5D model, is the price of materials and products, combined with parametric objects, together with the price of resources -manpower, machinery and materials, broken down by production time with production technologies virtually and in real life (Popov et al. 2010 ). BIM building model, transferred into service, can be used to manage the building in subsequent stages of its life cycle -design, construction, maintenance, reconstruction and demolition (Migilinskas, Ustinovichius 2006; Lu et al. 2016 ). Operational building model (Facility Management), often called the 6D model, due to the introduction of qualitative indicators (e.g., energy efficiency, living comfort, cost optimization, etc.) it's essence is the large quantities of continuously recorded, virtually accessible and operational information. It is designed for the management of all communications systems in the building, for planning the building maintenance costs (Ustinovichius et al. 2017) , for monitoring the state of the equipment and maintenance of its technical conditions to ensure the necessary comfort and energy balance level of the building (Di Giuda et al. 2015; Rasiulis et al. 2015; Migilinskas et al. 2016) .
Methodology of analysis
The fulfil the aim of this research the Lithuanian case studies of reconstruction projects, built in a period of 1950-1981 and reconstructed in the last 5 years, have been analysed to identify the list of problems and solution for decision making support in reconstruction projects. In the beginning of the Study stage the selection of reconstruction projects was made and after compatibility analysis the list of over 30 (thirty) projects was shorted to 14 (fourteen) projects of acceptable buildings in Lithuania. All projects were investigated and list of 13 (thirteen) main problems was selected. The survey with evaluation of experts using AHP method was done and the results of the Calculation stage short structured data were delivered to the Analysis stage to prepare Solutions.
The research has been done according to the algorithm (see Fig. 1 ). The aim of this analysis is based on methodology described in three main stages such as Study, Calculation and Analysis & Solutions:
-A set of common problems occurring during the reconstruction was identified and analysed on the ground of 14 case studies; -The information collection methods: meeting with project managers, contacting by e-mail or by phone. Before comparing and analysing the data, information about the occurred problems was received by contacting contractor and representatives of designers who participated in these projects; -The set of 13 main problems was identified; -After detailed analysis of the projects and the gathered information, the frequency of occurrence of problems in the analysed projects was represented in percentage; -The impact of each problem on the project was defined by using expert evaluation method and applying AHP (Analytic Hierarchy Process) that is one of available decision-making methods (Saaty 1980; Saaty et al. 2005) . Experts were selected from practitioners and academicians related to project management (Erdogan et al. 2017) . They were asked to compare and to evaluate the identified problems by using nine-point scale, shoving the intensity of importance. Survey results were treated according to Saaty's methodology; -After analysing statistical data and expert evaluation results, significance of problems was estimated. Influence to project scores was normalized and multiplied by frequency of occurrence of problems. Problems significance was expressed in percentage (Table 5) ;
-Data structuration was performed, afterwards tools and actions that could help to prevent the problems and to increase the effectiveness of the projects were analysed. As a result, proposals related to BIM uses were introduced to overcome the major problems that are faced while implementing reconstruction projects.
Application of Analytic Hierarchy Process method
To support evaluation and selection processes in engineering, formal decision-making methods can be used. A great number of works applying diverse Multiple-Criteria Decision-Making (MCDM) techniques for engineering problems have been published recently (Zavadskas et al. 2016) . The Analytic Hierarchy Process (AHP) is a multicriteria decision making (MCDM ) method that helps a decision-maker faced with complex problems that contain multiple conflicting and subjective criteria was originally developed in 1980 by Prof. Thomas L. Saaty. It is an effective tool for dealing with complex decision making, and may aid the decision maker to set priorities and make the best decision. By reducing complex decisions to a series of pairwise comparisons, and then synthesizing the results, the AHP helps to capture both subjective and objective aspects of a decision. In addition, the AHP incorporates a useful technique for checking the consistency of the decision maker's evaluations, thus reducing the bias in the decision making process (Saaty et al. 2005; Kutut et al. 2014) . The first step in the AHP procedure is to make pair wise comparisons between each criterion.
When it is needed to complete comparison matrix, the second step is to normalize the matrix and calculation of average value for calculation of consistency vector: The final stage is to calculate a Consistency Ratio (CR) to measure how consistent the judgements have been relative to large samples of purely random judgements. If the CR is smaller or equal to 0.1 (10%), the inconsistency is acceptable and if the CR is equal or greater than 0.1 (10%) the judgements are untrustworthy because they are too close for comfort to randomness and the exercise is valueless or must be repeated. It is easy to make a minimum number of judgements after which the rest can be calculated to enforce a perhaps unrealistically perfect consistency ratio (CR). The final consistency ratio, if the evaluations are sufficiently consistent, is calculated as the ratio of the CI and the random index (RI), as indicated (Saaty 1980) :
Description of expert survey and results
List of problems from evaluation of the projects: -P1 Problem -The documentation of the reconstructed building is out of date or not-existent; -P2 Problem -Due to cost savings a feasibility study is not completed, technical and detail design is arranged in careless way; -P3 Problem -The technical staff of Client are unqualified and incompetent (low skill and knowledge level); -P4 Problem -Long duration of procurement and purchasing procedures takes long time;
-P5 Problem -Every project is being coordinated involving a number of participants; -P6 Problem -Unqualified and incompetent design team, unable to evaluate time of design works; -P7 Problem -There is no information continuity; -P8 Problem -Incompetent contractor team, do not evaluated complexity and continuity of works; -P9 Problem -The bad preparation of technical design; -P10 Problem -Work repair during construction; -P11 Problem -Delay in Decision making; -P12 Problem -Extension of project execution time; -P13 Problem -Correction of errors during warranty period.
The AHP based survey data and calculated data are presented in Tables 1, 2 and 3 as well as in Figure 2 .
In the expert comparison matrix presented in Table 1 , the consistency index CI value is calculated by using the Eqn (2). Then, the concordance ratio CR is obtained by dividing P1  P2  P3  P4  P5  P6  P7  P8  P9  P10  P11  P12 the CI value by the Random Index (RI) using the Eqn (3). CR = 0.0986 < 0.1 it is less than 10%, so the expert's inconsistency is acceptable. The results of analysis (see Table 4 ): -The top three problems with highest occurrence in the list (cover over 41% of all range) are: problem P8 (17.1%), problem P9 (over 14.18%), and problem P6 (over 10.07%). Meanwhile, the biggest influence to the project by expert opinion (in scores) have problem P3 (2.41%), problem P7 (2.23%), also problems P4 and P6 (1.65% and 1.60%); -Top six problems with highest occurrence in the list (cover over 66% of all range) are: problems P10 (8.73%), problem P4 (7.74%) and problem P1 (7.69%); -Problems P2 (Due to cost savings a feasibility study is not completed, technical and detail design is arranged in careless way) occurrence is 92,86% but it have little impact on the project, and does not fall into the top 6 problems; -Average values for problems P5, P11, P12 and P13
(between values 4.89-6.73%); -Problem P3 (the technical staff of Client are unqualified and incompetent) gets only 0.87% of all importance evaluation but neither the less it has impact to successful project implementation.
The final results of analysis using the suggested problem recognition methodology are presented in Table 5 . Significance of each problem is estimated considering analysis of statistical data as well as using decision-making methodology (AHP) and applying expert survey. All problems are prioritised, consequences listed and the best solutions are delivered in the last column of the table.
Based on the results of research and having identified the major problems and solutions related to BIM uses are introduced while implementing reconstruction projects. The initial graphical information and the 3D basis BIM models obtained with advanced computeraided survey techniques such as close-range photogrammetry and laser scanning. These advanced ICT solutions can be used during design and construction of any type of reconstruction project in residential, administrative, industrial, cultural heritage and even in the archaeology fields (Pepe et al. 2016) . But the results show the need to improve theoretical knowledge and practical skills using BIM methodology for every project participant. And only after it is possible to implement the information management techniques to improve project procurement procedures and ensure effective reconstruction project. The BIM model will allow to analyse the current situation and develop new solutions and to find conflicts before reconstruction.
As successful examples of BIM uses in survey projects, the 3D point cloud model shown in Figure 3 , it combined result made by terrestrial laser scanner and close range photogrammetry. This is an example of reconstruction project implemented in Vilnius, the capital and the largest business city in Lithuania. The reliable information and project team work based on BIM methodology can assure effective procedures and prevent occurrence of the most significant problems characteristic to reconstruction projects that are implemented in traditional way and without using information modelling and other digital technologies. The complex use of advanced Computer-Aided tools and BIM is the best solution on site.
The systematic solution to solve the problems with information management in reconstruction projects is suggestion to have a Common Data Environment (CDE) complying to BS 1192-2007 standard for quick information sharing to all participants in the project. This methodology determines how to manage the construction information, including the use of BIM modelling and CAD systems. It distributes and collaborates systematic BIM process and clearly defines BIM and CAD data naming policy. Coordination between designers, contractors and Fig. 3 . BIM uses in reconstruction project: a Lithuanian case study (laser scan and model) -Delay in starting work; -Non-compliance with the work schedule; -Decreased quality of work; -Customer downtime and project delays; -Penalties and fines.
-Use multiple criteria by setting the winner of the contest; -Apply Employer's Information
Requirements preparing the procurement documents.
P9 The bad preparation of technical design.
-Errors in procurement and construction works; -The contractor is selected according to an improperly designed technical project; -Increase of the project execution time and duration; -The Contractor must use additional funds to carry out work design and contract works; -Additional funds needed; -Impair quality.
-The use of BIM tools; -The adoption of project solutions before the design stage; -Integrated cooperation between project participants; -The integrity of the technical and work project; -Determining the level of detail at each stage.
P6 Unqualified and incompetent design team, unable to evaluate time of design works.
-Delays in project coordination and correction work; -Delay in obtaining a building permit; -Delay in procurement of works; -Penalties and fines.
-Apply Employer's Information
Requirements preparing the procurement documents; -Using many criteria by setting the winner of the contest.
P10 Work repair during construction.
-Long decision-making time; -Occurrence of downtime; -Delay in contract work.
-Raise qualification (client, employer, designer, contractor); -Definition of the responsibility; -Change of staff; -Integrated cooperation.
P4 Long duration of procurement and purchasing procedures takes long time.
-Delays in the project and the desired end result; -Increase of the sale loses.
-Application of BIM measures to speed up purchasing procedures; -Use of internal company standards, according to foreign practice.
P1
The documentation of the reconstructed building is out of date or notexistent.
-Improperly prepared specification and design; -Error repair during contract work; -Preparation of a detailed work project; -Work delays and increased project costs; -The building maintenance has not started; -Penalties and fines.
-Execute project according to IPD (Integrated project delivery) contract type; -Use of digital photogrammetry and laser scanning tools for generating information.
P2 Due to cost savings a feasibility study is not completed, technical and detail design is arranged in careless way.
-Delay in obtaining a construction permit, which increases the duration of the project execution.
-Assign responsibilities and reduce the number of responsible people; -To use a common data environment for collaboration.
P5 Every project is being coordinated involving a number of participants.
-Extending project coordination time; -Latency and delays.
P11 Delay in Decision making.
-Long decision-making time; -Occurrence of downtime; -Project delays.
-Raise qualification (client, employer, designer, contractor); -Definition of the response limit; -Change of project staff.
P13 Correction of errors during
warranty period.
-Bankruptcy of the company that carried out construction work; -No liability and warranty.
-Regulation of the legal basis; -Insurance payments; -As-build model for maintenance.
P12 Extension of project execution time.
-Additional operating costs for contractors; -Delay in operation: production downtime, this is due the downtime of the customer.
-Preparation of the integrated project; -Use of BIM tools.
P7 There is no information continuity.
-Re-collecting information; -Waste the funds.
-Common data environment for collaboration; -Defined documentation archiving.
P3 The technical staff of
Client are unqualified and incompetent (low skill and knowledge level).
-The technical project purchase contract are formulated incorrectly, incomprehensibly to designers and contractors.
-Raise qualification of employees; -New staff selection; -Recruiting a BIM manager.
operators in the BIM project should be ensured during preparation of the project. The data is finely divided and structured to facilities inside the CDE. This enables to produce traditional drawings and documents from CDE. This way provides greater control of data revisions and versions. The use of structured CDE requires the discipline of all project team members to follow BIM procedures. The BIM model improves collaboration between participants and the information from the BIM model is available to all project team members to support decision making before works have been started.
Conclusions
It is identified that the significances of the following problems have the major impact to the reconstruction project efficiency and results: 17.10% -problem P8 (incompetent contractor team); 14.18% -problem P9 (the bad preparation of technical design); 10.07% -problem P6 (unqualified and incompetent design team). The low competence can be improved with experience in BIM uses. The project management can be solved using ICT tools. The BIM model allow to analyse the current situation, develop new solutions, to find conflicts before actual reconstruction works, improve supply chain, management, planning and the quality of reconstruction. The initial lack of information can be solved using digital photogrammetry and laser scanning tools. The problems with information management can be solved using team based collaboration between project participants and integrated project delivery, establish Common Data Environment, and initiate use BIM based procurement. The BIM model according to BIM standard requires: to build a team, prepare BIM model and use/update BIM model during all project life-cycle stages. The reconstruction model according to BIM standard can reduce the project risks and can provide more accurate information to support decision making process.
